AD-A196  225 


E  Z&  Vt  '*  l-  &  '  *>: '  ■ 


w®  FILE  COPY 


$ 


Sr-V^  :  r  *1 


TECHNICAL  REPORT  BRL-TR-2907 


^3 &n'f 


TITRIMETRIC  ANALYSIS  OF 
HAN-BASED  LIQUID  PROPELLANTS 


■m"x 


M.  M.  DECKER 
E.  FREEDMAN 
N.  KLEIN 
C.  S.  LEVERITT 
J.  Q.  WOJCIECHOWSKI 


MARCH  1988 


DTIC 

^LECTEI 
JUN  2  2 1988 


<KH 


f) 


APPROVED  FOR  PUBLIC  RRLRAtB;  DISTRIBUTION  UNUMITED. 


U.S.  ARMY  LABORATORY  COMMAND 


BALLISTIC  RESEARCH  LABORATORY 
ABERDEEN  PROVING  GROUND,  MARYLAND 


8  8  c> 


11  2 


Hi*!’ 


I*;*. 


W'< 


at 


Wi 


!8 


$ 


I'if 

m 


$ 


L’»: 


$ 


m 

k 

u'S 

I-IIV 


m 


m 


r 


s 


h 


;.VV 


B 


I 

iy»' 

A' 

A 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
OMB  No  0?0*-01  BS 


1*.  REPORT  SECURlTYCLASSlflCATION 
Unclassified 


urity  classification  authority 


N/ DOWNGRADING  SCHEOULE 


4.  H WORMING  ORGANIZATION  REPORT  NUMBCR(S) 


1b  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION  /AVAILABILITY  Of  REPORT 


MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


BRL-TR-2907 


r  Tt.-M'r  ll:*: 


N  IBbTOfflCE  SYMBOL  7s.  NAME  Of  MONITORING  ORGANIZATION 

US  Army  Ballistic  Rsch  Lsb 


I  L3D-I«LLiiIK 


TTfvjmx 


7b  ADDRESS  (Ctty,  SIAM,  *nd  ZIP  Cod*) 


Aberdeen  Proving  Ground,  MD  2100S-5066 


I  ■  m.TT.’n  t.m»n 


ORGANIZATION 


BbTOfflCE  SYMBOL  I  9  PROCUREMENT  INSTRUMENT  iDENTIflCATlON  NUMBER 
(If  tppllttbl*)  I 


10  SOURCE  Of  FUNDING  NUMBERS 


■(■Aft  trT.T~  1 '  VII1, ,  /'J  jrrv, 


Titrimetric  Analysis  of  HAN-Baaed  Liquid  Propellants 


acker,  Madelyn  M. , ;  Freedman,  Eli;  Klein,  Nathan;  Leverltt,  Charles 
and  Wole lachowski.  Josephine  Q.  _ . 


14.  DATE  Of  REPORT  (Y*»r,  Month,  Dsy)  |1S  PAGE  COUNT 


w  BUBS! 


IB.  SUPPLEMENTARY  notation 


CorrUnwe  on  /event  If  Mtttury  » 


Liquid  propellants  that  are  aqueous  mixtures  of  hydroxylammonlum  nitrate  (HAN)  and 
trlathanolaamoniua  nitrate  (TEAN)  are  analyzed  using  a  combination  of  aeld*basa  and  Karl 
Fischer  tltrlmetry,  procedures  that  quantitatively  determine  the  three  major  propellant 
components.  The  method  developed  converts  HAN  t&  acetoxlme  end  nitric  acid  by  reaction 
with  acetone  and  than  uses  either  tetrabutylammonlum  hydroxide  or  n-butylamlne  In  ethanol 
or  aqueous  sodium  hydroxide  as  tltrant  for  both  HAN  and  TEAN.  Water  Is  determined  by  Karl 
Fischer  titration  using  the  proprietary  reagent  "Hydranal'*.  Each  major  propellant 
component  is,  therefore,  determined  separately. Precision,  expressed  as  per  cent,  on  HAN 
I  analysis  obtained  using  the  tltrants  tetrabutyla)ononluo  hydroxide,  n-butylamine ,  and 
sodium  hydroxide  vers  0.06,  0.1  and  0,02  respectively .  Values  for  TEAN  using  the  same 
three  tltrants  war)  0.2,  0.4  and  0.03  and  precision  on  the  water  determination  was  0.1%. 


20.  distribution /availability  op  abstract 
□  unclassipiid/unlimitid  S3  SAME  AS  RPT 


■Lnm.vTTi-a«Ta.Tm«i.’iTi  TTmT7T»Ti,n»T 


Madelyn  M.  Decker 


00  form  1471,  JUN  1C 


rt^t^rrA'  )  r  _ 


21  ABSTRACT  SECURITY  CLASSlflCATION 

□  otic  users  Unclassified  _ __ 

22b  TELEPHONE  (inTvtfc  Art*  Cod*)  lit  OPPICE  SYMBOL 

(301)  278-6186  SLCBR-IB-B 


Prtviout  tdMons  *r*  otooittt 


f  THIS  P 


Mnfilmifigd 


19.  ABSTRACT  (Con't) 

When  a  potentiometric  titration  is  used,  acidic  impurities  can  be  detected  and  their 
relative  strengths  determined  by  their  position  on  the  titration  curve.  The  detection 
limits  for  nitric  acid,  a  common  impurity,  was  determined  as  0.012  moles  per  mole  of  HAM. 


;  Acoeeslon  For 
[~  NTIS 


|  DTIC 


GFA&I 

TALI 


0/ 


1  Unannounced 


1 


□ 

□ 


Juatlf  ic-'jtloa. 


Hy. 


1  Distribution/  _ 

|  Availability  Codes 


jAvail  and/or 


Dial 

Special 

f  0ric  \ 

A/\ 

1  CO Py  1 

TtoJ 

giagaa 


Unclassified 


ACKNOWLEDGMENT 


We  gracefully  acknowledge  the  assistance  of  Ronald  A.  Sasse'  whose 
suggestions  helped  develop  the  procedures  described. 


TABLE  OF  CONTENTS 

Pace 

LIST  OF  FIGURES  vii 

I .  INTRODUCTION  1 

II.  BACKGROUND 

1.  THEORY  OF  ACID-BASE  TITRINETRY  2 

2.  PREVIOUS  WORK  4 

3.  TITRIMETRIC  DETERMINATION  OF  WATER  5 

III.  EXPERIMENTAL  METHODS  6 

1.  ACID-BASE  TITRATIONS  6 

2.  DETERMINATION  OF  WATER  7 

3.  NITRIC  ACID  IMPURITIES  8 

IV.  RESULTS  AND  DISCUSSION 

1.  ACID-BASE  TITRIMETRY  8 

2.  WATER  ANALYSIS  13 

3.  NITRIC  ACID  DETECTION  13 

4.  PRECISION  AND  ACCURACY  13 

V.  CONCLUSIONS  15 

REFERENCES  17 

DISTRIBUTION  LIST  19 


V 


LIST  OF  FIGURES 


Figure  Pape 

1  Titration  of  LGP  1845  in  Denatured  Alcohol 

with  Bu4N0H  4 

2  Titration  of  a  HAN-TEAN  Mixture  Uaing  Bu^NOH  and 

95%  Ethanol -5%  Water  as  Solvent  9 

5  Bu/NOH  Titrations  Using  a  Range  of 

HAM  Concentrations  10 

4  Bu^NOH  Titrations  Using  a  Range  of 

TEAM  Concentrations  11 

5  Titrations  Curves  For  LGP  1845  Using  Bu^NOH 

and  n-Butylamlne  as  Titrants  11 

6  Titration  Curves  For  LGP  1845  Using  Aqueous  NaOH  and  12 

Water-Acetone  Solvent 


vil 


I .  INTRODUCTION 


Liquid  aqueous  monop rope Hants  containing  hydroxylammonium  nitrate 
(HAN)  and  the  nitrate  salt  of  an  aliphatic  amine  ere  currently  under 
consideration  for  use  in  high  performance  liquid  propellant  guns.  Of 
the  various  aliphatic  amine  nitrates  considered,  triethanolammonium 
nitrate  (TEAN)  appears  to  be  the  most  useful.  Table  1  lists  two 
compositions,  LGP  1845  and  LGP  1846,  that  have  received  the  most 
attention.  These  mixtures  are  formulated  with  a  HAN: TEAN  molar  ratio  of 
7,  so  that  there  is  just  sufficient  oxygen  present  to  convert  completely 
all  of  the  carbon  and  hydrogen  to  carbon  dioxide  and  water.  The  third 
and  last  combustion  product  is  nitrogen. 

TABLE  1.  Propellant  Composition 


Propellant 


Composition 


HAN 

TEAN 

Water 

(wt  %) 

<M> 

(wt  %) 

(M) 

(wt  %) 

(M) 

1845 

63.23 

9.62 

19.96 

1.38 

16.81 

13.64 

1846 

60.79 

9.09 

19.19 

1.30 

20.02 

15.93 

The  physical  proporties  of  these  propellants  have  been  described 
elsewhere . 1 

Analytical  procedures  generally  can  be  divided  into  two  categories, 
assay  methods  that  determine  the  concentration  of  major  components,  and 
trace  methods  that  are  intended  to  identify  ar.d  determine  concentrations 
of  impurities  and  contaminants.  Because  assay  and  trace  methods  serve 
markedly  different  needs  and  cover  widely  different  concentration 
ranges,  the  analytical  procedures  selected  are  also  different.  A 
complete  assay  method  for  propellants  such  as  LGP  1845  or  1846  requires 
the  quantitative  determination  of  water,  and  the  hydroxylammonium, 
triethanolammonium,  and  nitrate  ions.  Such  analyses  can  be  determined 
on  one  or  more  than  one  component  in  a  single  titration.  A  number  of 
assay  methods  for  HAN-based  propellant  components  exist  and  have  been 
used  to  assure  quality  in  production.  These  Include  determination  of 
total  nitrate  by  ultra-violet  spectroscopy*  ’  and  determination  of 
aliphatic  amine  content  by  nuclear  magnetic  resonance  spectroscopy.^ 
These  methods  require  laboratory  surroundings  because  they  use  complex 
and  delicate  instruments,  and  only  provide  a  portion  of  the  analytical 
data  needed  for  a  complete  propellant  assay.  More  recently,  a  complete 
propellant  assay  procedure  by  Fourier  Transform  Infrared  Spectroscopy 
(FTIR)  was  developed,  but  it  is  even  more  complex  than  the  methods 
previously  mentioned.  It  will  be  of  value  as  an  on-line,  interactive, 
quality  control  method  within  a  production  facility.  A  need  exists  for 
a  simple,  readily  transportable  assay  procedure,  usable  by  personnel  who 
do  not  have  access  to  well  equipped  laboratories,  that  will  validate  the 
quality  of  propellant  samples. 
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This  report  is  limited  to  the  development  end  eveluation  of 
propellent  assay  based  on  various  titrimetric  procedures.  These 
procedures  can  give  some  indication  of  the  presence  of  impurities  under 
certain  conditions  but  are  not  intended  for  that  purpose.  If  the 
propellant  has  extensively  reacted  or  if  reaction  products  are  unknown, 
then  extreme  caution  must  be  exercised  to  obtain  valid  interpretation  of 
titrimetric  data. 


II.  BACKGROUND 

1.  THEORY  OF  ACID-BASE  TITRIMETRY 

Tltrimetry  is  based  on  the  existence  of  rapid  quantitative 
reactions  that  can  be  readily  monitored.  The  most  common  titrimetric 
analysis  is  the  reaction  of  an  acid  with  a  base.  Although  the  simplest 
monitor  of  such  reactions  is  the  change  in  color  of  an  acid  sensitive 
dye,  greater  sensitivity  and  reproducibility  are  obtained  by  using  an 
electrode  pair  that  records  changes  in  the  electromotive  force  (EMF)  of 
the  solution  as  the  titration  proceeds.  A  number  of  electrodes  now 
exist  that  respond  to  specific  ions,  the  best  known  and  oldest  of  which 
are  specific  for  the  hydrogen  ion. 

Solutions  of  HAN  or  TEAN  are  the  combinations  of  weak  bases  and 
nitric  acid  and  are  therefore  acidic.  The  dissociation  constant,  K,  is 
formulated  as 


K-  [H+][B']/(HB] 
Using  ammonia  as  example: 


K-  [H+J(NH3)/(NH4]  -  5.75X10'10,  pK  -  9.24 

where  pK  is  defined  as  "log  K.  Values  of  pK  and  K  for  some  relevant 
ions  are  given  in  Table  2. 


TABLE  2.  Dissociation  Constants  of  Selected  Ions  in  Water 


Ions 

pK 

K 

Hydroxylammonium 

5.96 

1. 10X10' 6 
1.74X10'® 

5 .  75X10.  .T 
2.45X10*a1 

Triethanolammonium 

7.76 

Ammonium 

9.24 

n*Butylammonlum 

10.61 

Recently  determined^  pK  values  for  aqueous  HAN  and  TEAN  are  6.11 
and  7.96. 

The  basicity  of  each  propellant  amine  relative  to  ammonia  is 
readily  obtained  from  the  data  in  Table  2.  The  ability  of  the  OH  group 
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to  withdraw  electrons  from  the  nitrogen  reeulte  in  hydroxylamine  being 
5000  times  more  acidic  thAn  ammonia.  Replacement  of  an  ammonia  hydrogen 
by  an  alkyl  group  actually  Increases  the  basicity  of  the  amine;  thus,  n- 
butylsmine  is  four  times  more  basic  than  ammonia.  Again,  the  presence 
of  OH  groups  on  the  amine  reduces  basicity;  triethanolamine  is  30  times 
less  basic  than  is  ammonia. 

The  propellant  is  a  mixture  of  two  weak  acida  with  HAH  approx¬ 
imately  70  times  more  acidic  than  TEAN.  The  hydrogen  ion  concentration 
of  a  mixture  of  two  weak  acids6  is 

[H+]  -  {Kj^tHAl’]  +  Kr^fTEAH])1/2. 

For  purposes  of  calculation,  propellant  samples  will  be  2S0  mg  diluted 
with  titration  solvent  to  approximately  50  mL  so  that  HAN  and  TEAN 
concentrations  are  3.3  x  10'2  and  A. 7  x  10* 3  molar,  respectively.  At 
these  low  concentrations,  it  is  assumed  that  concentration  and  molarity 
are  equal  (unit  activity) .  Thus 

[H+]  -  {3.30  x  lO'2  x  7.76  x  10‘7  +  4.71  x  10*3  x  1.10  x  10‘8)1/? 

-  1.60  x  10*4  +  7.20  x  10‘6 

-  1.60  x  10'4. 

The  hydrogen  ion  concentration  of  the  mixture  is  equal  to  the  hydrogen 
ion  concentration  of  the  HAN  component  alone.  The  concentratlon-pK 
product  of  HAN  is  5.93  times  that  of  TEAN  in  such  samples,  large  enough 
that,  in  principle,  one  should  be  able  to  simultaneously  determine  the 
concentration  of  each  of  tho  components  without  Interference.  In 
practice,  the  accurate  determination  of  titration  end-points  is 
influenced  by  a  number  of  factors  other  than  end-point  separation. 

These  Include  the  rate  at  which  hydrogen  ion  concentration  is  changing 
in  the  vicinity  of  the  end-point  and  tHe  ability  of  the  instrumentation 
being  used  to  detect  small  changes  in  hydrogen  ion  concentration.  It  is 
quite  possible  that  the  quantitative  determination  of  HAN  and  TEAN  in 
the  presence  of  one  another  can  not  be  achieved  using  simple  acid-base 
tltrlmetry . 

Frequently,  non-aqueous  solvents  are  used  when  titrimetric  end¬ 
point  separation  cannot  be  obtained  in  water.  The  dielectric  constant 
of  the  solvent  strongly  Influences  dissociation;  dissociation  constants 
that  are  close  together  in  water  often  separate  to  an  extent  that  end¬ 
point  detection  becomes  feasible.  Ion-pair  formation  is  enhanced  in 
solvents  with  low  dielectric  constants,  and  dissociation  of  ion-pairs 
usually  affects  values  of  pK.  Vanderhoff  and  coworkers  reported*®  a 
decrease  in  conductance  in  aqueous  solutions  of  HAN  with  increasing 
concentration.  These  authors  further  suggested  that  as  concentration 
increases,  the  mobility  of  the  ions  is  substantially  diminished  or  the 
ions  form  non-conducting  pairs.  The  use  of  a  less  polar  titration 
solvent  thus  seemed  to  be  a  useful  approach  to  the  solution  of  the 
problem  of  overlapping  end-points  in  HAN-TEAN  titrations. 
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2.  PREVIOUS  WORK 


Kasler  investigated  the  applicability  of  acid-base  titrations  to 
the  analysis  of  HAN-basad  liquid  propellants1*  and  developed  procedures 
both  for  visual  and  potentlometric  titrations.  He  could  not  obtain  end¬ 
point  separation  of  the  tvo  conponents  in  aqueous  solvent  and  assessed 
the  use  of  ethanol.  A  visual  end-point  titration  used  alcoholic  KOH  as 
titrant  and  phenolphthalain  as  indicator.  The  sum  of  HAN  and  TEAN 
concentration  is  determined  by  this  procedure.  In  order  to  determine 
HAN  in  the  presence  of  TEAN,  HAN  was  converted  to  a  strong  acid  (HNOj) 
by  reaction  with  bantaldehyde  and  the  acid  titrated  using  bromphenol 
blue  ts  Indicator.  TEAN  concentration  is  then  the  difference  between 
total  acid  and  HAN. 

Potentiometrlc  titration  procedures  were  also  developed,  using  a 
Sargent  Welch  Model  MBP  automatic  titrator  and  tetrabutylammonium 
hydroxide  (Bu^NOH)  in  denatured  alcohol  as  titrant.  This  procedure 
determined  both  HAN  and  TEAN.  Bu^NOH  was  used  as  titrant  because  KNOo, 
the  reaction  product  of  the  KOH  titration,  is  insoluble  in  the  alcoholic 
solution  used,  producing  a  precipitate  that  blocks  the  fine  capillary 
passageways  of  the  electrode  salt  bridge.  Although  Che  difference  in  pK 
may  have  been  too  small  to  produce  separate  HAN  and  TEAN  end-points  In 
aqueous  solvent,  the  use  of  denatured  alcohol,  a  mixture  consisting  of 
95t  ethanol,  water,  and  one  or  more  organic  additives,  resulted  in 
titration  curves  of  which  Figure  1  is  typical. 

pH 

-1 

J — I...  l..„l L_l 
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Two  end-points  are  clearly  seen  so,  it  would  seeo  that  a  successful 
tltrlmetric  procedure  could  be  developed. 

Other  methods  for  tltrlmetric  determination  of  salts  are  based  on 
the  ability  of  the  salts  to  be  either  oxidized  or  reduced.  All  nitrate 
salts  can  be  reduced  and  hydroxylamine  can  be  either  oxidized  or  reduced 
depending  on  the  experimental  conditions  employed.  It  is  therefore 
possible  to  determine  HAM  concentration  by  a  quantitative  oxidation- 
reduction  sequence.  A  tltrlmetric  analytical  procedure  for  HAM  based  on 
the  reduction  of  Fe(III)  to  Fe(II)  has  bean  developed12  but  requires 
strict  adherence  to  an  empirical  procedure  in  order  to  obtain  repro¬ 
ducibility.  The  procedure  does  not  determine  TEAM  but  the  TEAM  does  not 
Interfere  with  the  analysis.  Vith  proper  care,  accuracy  and  precision 
are  excellent.13 


Another  redox  method  for  determination  of  HAM  involves  an  iodine 
titration  of  dilute  solutions  of  HAN.1  Although  precision  and  accuracy 
are  not  stated  explicitly,  review  of  the  data  indicates  that  the  method 
is  comparable  to  the  iron  procedure.  Of  the  procedures  mentioned,  the 
most  promising  for  determination  of  concentration  of  the  two  salts  in 
the  propellant  mixture  appears  to  be  the  non- aqueous  acid-base 
titration. 


TITRIMETRIC  DETERMINATION  OF  WATER 


The  third  major  component  of  the  propellant  is  water.  The  most 
widely  used  method  for  the  determination  of  water  is  titration  with  Karl 
Fischer  reagent.  It  has  been  extensively  used  since  its  discovery  in 
19351  and  many  modifications  of  the  original  procedure  exist.  The 
Karl  Fischer  reagent  is  a  combination  of  sulfur  dioxide,  iodine,  and 
pyridine  in  a  solvent,  typically  methanol;  the  S02  and  In  both  form 
complexes  with  pyridine.  The  reaction  is  believed  to  take  place  in  two 
steps,  the  first  involving  water  and  the  formation  of  a  sulfur  trloxlde 
complex: 

c5h5ni2  +  c5h5nso2  +  c5h5n  +  h2o  --->  2c5h5nhi  +  c5h5nso3 

and  the  second  involving  conversion  of  the  SO3  complex  to  a  stable  end 
product: 


c5h5nso3  +  CH3OH  ---->  C5H5N(H)S04CH3 

Effective  use  of  the  reagent  requires  understanding  of  its  capabilities 
and  limitations  since  many  compounds,  in  addition  to  water,  react  with 
one  or  more  of  the  components  of  the  Karl  Fischer  reagent. 

One  of  the  newer  Karl  Fischer  titrants  is  "Hydranal",  a  proprietary 
reagent  developed  by  Riedel-de  Haen,  Hannover,  West  Germany.  "Hydranal" 
does  not  contain  pyridine  but  follows  a  two  step  reaction  sequence 
similar  to  the  one  shown.  Problems  occur  when  strongly  basic  amines 
react  exothermically  with  the  reagent,  and  amines  are  generally  oxidized 
by  iodine  in  methanol.  Mixtures  containing  amines  may  be  titrated 


with  "Hydranal"  If  th«  sample  i»  acidified,  ensuring  that  the  amines  are 
present  only  as  ammonium  salts.  The  water  content  in  solutions  of 
hydroxylamine  salts  have  been  successfully  titrated  with  "Hydranal"  by 
adding  e  small  quantity  of  concentrated  sulfuric  acid  to  the  titrating 
solvent . 16 

III.  EXPERIMENTAL  METHODS 

Samples  of  HAN  and  TEAN  ware  either  obtained  from  Morton-Thiokol, 
Elkton  Division,  Elkton,  Maryland,  or  were  synthesised  specifically  for 
use  in  these  studies.  To  prevent  the  introduction  of  spurious  data,  all 
analyses  were  carried  out  using  a  specially  formulated  LGP  1845  mixture. 
HAN  and  TEAN  solutions  were  individually  analysed  prior  to  mixing.  In 
addition,  the  total  carbon  content  of  the  TEAN  solution  was  determined 
using  a  combustion  train  to  ascertain  that  no  organic  material  other 
than  TEAN  was  present.  The  propellant  was  formulated  by  weight  to 
contain  61.86%  HAN,  18.80%  TEAN  and  19.34%  water. 

To  ascertain  that  acetoxlme  was  the  reaction  product  of  HAN  with 
acatona,  an  acetoxlme  synthesis  was  completed.  Acetone  and  HAN  were 
reacted  on  a  molar  basis  in  a  chilled  beaker.  The  mixture  was  then 
neutralized  with  1  K  NaOH  and  extracted  with  three  25  mL  portions  of 
diethyl  ether.  The  extracts  were  combined  and  volume  reduced  until 
crystallization  took  place.  The  white,  crystalline  product  melted  at 
61®C  and  showed  no  depression  of  the  melting  point  of  pure  acetoxlme. 

1.  ACID-BASE  TITRATIONS 

Kasler's  original  titration  procedure11  called  for  the  use  of 
alcoholic  solutions  of  either  KOH  or  Bu^NOH  as  titrant.  Both  reagents 
are  strong  bases  and  fairly  large  changes  in  pH  are  observed  on  addition 
of  rather  small  quantities  of  titrant  to  the  propellant  samples.  It  was 
hoped  that  the  use  of  a  weaker  base  would  produce  a  larger  separation 
between  the  HAN  and  TEAN  end-points  and  a  titration  procedure  was 
developed  using  n-butylamlne  as  titrant.  Although  n-butylamine  is  a 
somewhat  stronger  base  than  ammonia,  it  is  substantially  weaker  than  KOH 
or  Bu^NOH.  In  addition,  it  has  a  vapor  pressure  low  enough  to  permit 
preparation  of  stable  solutions. 

Titrations  were  carried  out  with  approximately  0.2  M  Ru^NOH  and 
0.25  M  n-butylamlne.  Titrant  solutions  were  standardized  weekly  with 
both  primary  standard  benzoic  acid  and  potassium  bliodate.  Titration 
solvent  was  Fisher  Commercial  95%  ethanol  (denatured  alcohol). 

Solutions  of  HAN  and  TEAN  were  analyzed  separately  and  in  combination  in 
propellant  samples. 

Additionally,  the  effect  of  sample  size  on  the  accuracy  of  the 
method  was  tested  by  analyses  of  250  mg  samples  of  propellant  to  which 
varying  weights  of  HAN  or  TEAN  had  been  added.  The  weight  ranges  of 
added  salts  were  80-800  mg  and  50-400  mg  for  TEAN  and  HAN  respectively. 
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A  Metrohm*  Model  672  Titrator  equipped  with  Model  6.0102.100(LA) 
Glee*  and  Model  6.0726.000  Silver/Silver  Chloride  electrodes  was  used 
for  the  non- aqueous  titrations.  The  Ag/AgCl  electrode  had  an  internal, 
transition  metal  oxide  ceramic  diaphragm  rnd  an  external  sleeve  with  a 
ground  glass  joint,  permitting  use  of  a  double  salt  bridge.  The  inner 
portion  of  the  electrode  was  filled  with  aqueous  3M  KC1  and  the  outer 
sleeve  with  saturated  ethanolic  lithium  chloride.  The  electrode  and 
salt  bridges  ware  selected  to  optimize  performance  when  using  alcohol  as 
a  titration  solvent.  It  is  necessary  to  exclude  K+  ions  from  the  sample 
since  Huber  had  reported17  that  the  presence  of  K+  ions  gives  rise  to 
alkali  error  in  the  titrations  of  weak  acids  with  glass  electrodes  and 
Harlow18  showed  that  the  presence  of  as  little  as  10  ppm  K+  in  the 
titration  solution  caused  a  distinct  deterioration  of  the  potentiometric 
break.  In  later  work,  95%  ethanol- 5%  water  was  used  as  solvent  in  place 
of  the  denatured  alcohol.  Prior  to  sample  addition,  2  mL  of  acetone  was 
added  to  50  mL  of  the  solvent. 

Aqueous  titrations  were  carried  out  using  the  same  equipment.  The 
special  salt  bridges  required  for  non-aqueous  titrations  now  being 
unnecessary,  a  simple  Model  6.0202.100(JE)  Combination  Glass/Calomel 
electrode  was  used.  Samples  were  added  to  approximately  50  mL  water 
containing  2  mL  acetone  and  titrated  with  0.25  M  NaOH. 

2.  DETERMINATION  OF  WATER 

Titrations  were  carried  out  using  the  Metrohm  Model  672  Titrator 
equipped  with  a  sealed  sample  chamber  and  platinum  conductance 
electrodes,  the  normal  accessories  for  Karl  Fischer  titrations. 
"Hydranal",  as  supplied  by  the  vendor,  was  used  as  tltrant.  Titration 
solvents  were  either  pure  methanol  or  methanol  containing  either  0.2% 
^2^®4*  1®*  acetic  acid,  or  10%  benzoic  acid.  About  50  to  100  mL  of  the 
solvent  was  placed  in  the  reaction  vessel  so  that  the  platinum 
electrodes  were  immersed.  "Hydranal"  reagent  was  added  to  the  solvent 
until  the  residual  water  in  the  vessel  had  reacted  and  the  instrument 
was  stable.  Karl  Fischer  titrations  with  "Hydranal"  are  normally 
carried  out  to  a  fixed  conductance  end-point  and  no  titration  curve  is 
produced.  The  instrumentation  as  configured  for  conductance  titrations 
measures  conductance  by  monitoring  vo7t«ge  at  minimal  current  flow.  An 
arbitrary  voltage  value  of  250  mv  was  set  as  the  end-point  for  the 
titrations.  Samples  of  HAN,  TEAN,  or  propellant  weighing  100-200  mg, 
were  injected  using  a  syringe  through  a  septum  into  the  conditioned 
vessel.  Using  this  technique  several  samples  can  be  analyzed 
consecutively  without  exposing  the  contents  of  the  vessel  to  the 
atmosphere. 
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3.  NITRIC  ACID  IMPURITIES 

Nitric  acid  it  a  potential  impurity  in  LCP  1845  and  ita  components 
since  the  synthesis  of  both  HAN  and  TEAN  involve  its  use.  It  had  been 
shovn1^  that  the  presence  of  nitric  acid  lowers  the  thermal  stability  of 
the  propellant,  so  a  special  effort  was  made  to  determine  the  minimum 
detectable  limit  of  nitric  acid  in  propellant  by  acid-base  tltrlmetry. 
Quantities  of  0.1  M  HNOj  were  added  to  250  mg  samples  of  either  HAN 
solution  or  of  the  specially  formulated  LCP  1845  (which  contained  no 
nitric  acid)  and  the  titration  carried  out.  80th  water  and  95%  ethanol 
were  used  as  solvents  in  these  studies  and  acetone  was  not  added  to  the 
samples. 


IV.  RESULTS  AND  DISCUSSION 


1.  ACID -BASE  TITRIMETRY 

a.  Non-Aoueoua  Solvent  Knowledge  of  the  pK  values  of  HAN  and  TEAN 
in  ethanol  were  needed  to  assure  that  a  titrlmetric  analysis  using  this 
solvent  produced  accurate  results.  As  pointed  out  earlier,  an  acid-base 
titration  in  which  the  pK  values  of  two  weak  acids  are  close  will  result 
in  only  one  end-point.  Although  Figure  1  makes  it  obvious  that  two  end¬ 
points  are  obtained  when  ethanol  is  the  titration  solvent,  it  is 
possible  that  some  portion  of  the  TEAN  is  neutralized  at  the  point  in 
the  titration  that  the  HAN  end-point  is  detected.  If  this  is  the  case, 
then  titrlmetrically  determined  HAN  concentrations  will  be  higher  and 
TEAN  concentrations  lover  than  their  true  values.  The  pK  values  of  HAN 
and  TEAN  in  95%  ethanol  were  determined  at  the  National  Bureau  of 
Standards.  The  solvent  used  in  their  work  was  95%  ethanol -5%  water 
rather  than  denatured  alcohol.  They  found  that  the  pK  of  TEAN  decreases 
from  7.96  in  aqueous  solution  to  6.93.  This  result  is  consistent  with 
the  decreased  dissociation  that  is  expected  in  a  less  polar  solvent. 

The  pK  value  obtained  for  HAN,  however,  was  6.27  compared  to  6.11,  an 
anomalous  result.  Clearly,  HAN  and  TEAN  end-point  separation  could  not 
be  obtained  in  95%  ethanol  and  the  data  shown  in  Figure  1  did  not  result 
simply  from  the  use  of  a  non- aqueous  solvent.  The  solvent  with  which 
the  data  in  Figure  1  were  obtained  was  Fisher  Commercial  95%  ethanol 
which  contains  methyl  lsobutyl  ketone  as  one  of  the  denaturing  agents. 
Thus  the  results  Inadvertently  paralleled  the  benzaldehyde  procedure11 
in  that  an  oxime  and  nitric  acid  were  produced  by  reaction  with  the 
solvent  prior  to  the  titration. 

If  either  95%  ethanol -5%  water  or  a  brand  of  denatured  alcohol  that 
did  not  contain  methyl  lsobutyl  ketone  as  a  denaturant  was  used  as 
solvent,  a  single  tltretion  end-point  was  obtained  with  HAN -TEAN 
mixtures.  An  example  of  the  data  from  such  a  titration  is  shown  in 
Figure  2. 
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Figur*  2 .  Tlfciatlou  at  mJLULIEAB.  hi&UiU-JlMlng  iu^HQiL.  and  Jli 

EtbaaaULi  Hitu  u  flglvint 


It  was  considered  desirable  not  to  raqulra  apaclf lcatlon  of  a 
composition  or  brand  of  danaturad  alcohol  aa  titration  aolvant;  a 
■lxtura  of  9St  ethanol -5%  vatar  vai  uaad  to  which  was  addad  a  quantity 
of  acatona  if  HAN  dotsraination  was  raquirad  in  HAN -TEAN  mixtures.  HAN, 
in  tha  abaanca  of  TEAM,  can  raadily  ba  datarninad  without  acatona 
addition,  a  fact  that  was  uaad  to  aaasura  tha  extent  to  which  reaction 
with  acatona  was  complete.  Samples  of  HAN  from  a  common  stock  produced 
concentrations  of  80.69  and  80.64  wt%,  respectively,  with  and  without 
acatona  addition,  verifying  that  tha  reaction  of  HAN  and  acatona  is 
quantitative  under  tha  titration  conditions  used.  Tha  acetoxlme  that  is 
tha  product  of  tha  HAN-ar.etone  reaction  la  so  weakly  acidic  that  its 
neutral itat ion  end-point  does  not  appear  on  tha  titration  curves 
obtained.  Tha  end-point  observed  when  HAN  ie  added  to  the  acetone- 
ethanol  mixture  is  due  to  tha  neutralisation  of  nitric  acid  released  by 
acetoxlme  formation,  whereas  tha  end-point  detected  whan  HAN  samples  are 
titrated  in  the  absence  of  acatona  is  tha  result  of  neutralization  of 
tha  weakly  acidic  HAN.  Tha  pH  at  which  the  end-points  are  observed  is 
6.93  with  acetone  end  9.08  without.  TEAN  samples  titrated  in  solvent 
with  and  without  acatona  produced  identical  titration  curves,  indicating 
that  acetone  addition  vill  not  interfere  with  the  determination  of 
TEAN  in  the  propellant  analysis . 
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An  assay  analysis  is  required  to  aeasure  concentration  accurately 
over  a  reasonable  range.  To  determine  linearity  of  response  and  the 
ability  of  the  tltrlaetrlc  procedure  to  aeasure  HAN  and  TEAN  accurately 
In  the  presence  of  one  another,  a  series  of  titrations  was  carried  out 
on  LCP  H45  to  which  varying  quantities  of  either  HAN  or  TEAN  had  been 
added.  The  resulting  data  are  shown  In  Figures  3  and  4. 


Figure  3 .  Bu,NOH  Titrations  Ualna  a  Ranee  of  HAN  Concentrations 


One  sees  froa  the  Figures  that  response  varies  linearly  with  eoncen* 
tratlon  of  either  of  the  propellant  components  and  that  the  presence  in 
the  saople  of  the  other  component  doss  not  affect  response. 

Titrations  were  carried  out  using  Bu^NOH,  a  strong  base,  and  n- 
butylaalne,  a  auch  weaker  base,  as  tltrants.  The  titration  curves 
obtained  are  shown  In  Figure  5. 
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Figure  4 .  Titrations  Vilng  e  Renee  of  TEAM  Concentrations 
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As  expected,  the  end-point*  obtained  with  the  stronger  base  are  more 
sharply  defined.  The  HAN  and  T£AN  concentrations  determined  with  Bu^NOH 
are  60.52  and  20.12%  and  with  n-butylamine  are  61.82  and  18.34%.  The 
results  with  either  titrant  are  within  the  sane  experimental  error  so 
that  neither  titrant  is  favored  when  using  the  titration  equipment 
described  herein.  It  should  be  pointed  out,  however,  that  the  burets 
that  are  part  of  the  Metrohm  Model  672  Titrator  have  a  delivery  accuracy 
of  0.001  mL  and  are  thus  able  to  add  very  snail  increnents  of  the  strong 
base  to  the  sanple  being  analysed.  The  use  of  equipment  of  lesser 
quality  could  show  a  measurable  difference  in  response  using  the  two 
titrant* . 

b.  Aoueou*  Solvent  An  example  of  an  aqueous  titration  in  which 
acetone  is  added  to  the  titration  solvent  is  shown  in  Figure  6. 


pH 
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Figure  6.  Titration  Curves  For  LCP  1845  Using  Aqueous  NaOH 
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The  separation  between  the  nitric  ectd  and  TEAN  end-polnte  are  clearly 
•een  and  are  sufficiently  spaced  that  no  error  In  HAN  determination  from 
partial  neutralization  of  TEAN  is  expected.  RAN  and  TEAN  concentrations 
determined  by  this  procedure  are  60.76  and  18.95%. 

2.  WATER  ANALYSIS 

The  Karl  Fiacher  titrations  using  "Hydranal"  shoved  no  significant 
differences  with  any  of  the  several  acids  added  to  the  methanol  solvent 
although  differences  were  noted  when  acid  vas  absent.  The  presence  of 
acid  In  the  solvent  improves  both  precision  and  accuracy  and  produces  a 
clearly  superior  titrimetrlc  procedure.  The  10%  glacial  acetic  acid-90% 
methanol  mixture  was  chosen  arbitrarily  as  solvent.  The  method  is  both 
precise  and  accurate  and  appears  to  be  quite  insensitive  to  impurities 
or  minor  variations  in  procedure. 

3.  NITRIC  ACID  DETECTION 

The  detection  limit  for  nitric  acid  in  a  250  mg  sample  of  80  weight 
percent  HAN  is  0.012  mole  HNOj  per  mole  of  HAN;  the  250  mg  value  vas 
chosen  since  it  approximates  the  sample  size  usually  used  in  propellant 
analysis.  Since  HAN  concentration  in  the  50  mL  of  solvent  is  0.0417  M 
and  the  pK  of  HAN  in  95%  ethanol  is  6.27,  the  hydrogen  ion  concentration 
due  to  the  HAN  is  1.5x10' Si.  The  pH  change  produced  by  addition  of 
nitric  acid  to  the  sample  at  the  detection  limit  is  comparable  to  the  pH 
o£  the  HAN  sample  and  indicates  that  the  equipment  is  operating 
properly.  The  detection  limit  is  higher  in  water  (0.014  mole/mole  HAN) 
than  in  95%  ethanol  and  is  higher  if  sample  size  is  Increased.  Both  of 
these  observations  are  expected  and  are  in  accord  with  theoretical 
considerations.  The  nitric  acid  detection  limit  can  be  lowered  by 
addition  of  a  known  quantity  of  acid  to  the  titration  solvent.  Under 
such  conditions,  nitric  acid  is  determined  by  difference,  a  procedure 
generally  not  considered  desirable  because  it  is  subject  to  rather  large 
error  if  not  carried  out  precisely. 

4.  PRECISION  AND  ACCURACY 

Addressing  first  the  matter  of  precision  one  notes  that  precision 
Improves  when  the  variables  are  all  of  the  same  order  of  magnitude. 
Reduction  of  the  number  of  variables  will  also  Improve  precision.  Since 
the  propellant  and  its  components  were  homogeneous  liquids  that  were  not 
permitted  to  change  concentration  by  solvent  evaporation  throughout  the 
course  of  the  studies  conducted,  it  is  reasonable  to  assume  that  sample 
concentrations  were  constant.  All  samples  used  for  acid-base  tltrlmetry 
were  weighed  directly  into  their  reaction  vessels  so  that  sample  size 
uncertainty  is  limited  to  weighing  error  which  is  conservatively 
estimated  at  0.1  mg  or  0.04%  of  the  nominal  250  mg  samples  used. 
Uncertainty  in  sample  size  for  the  Karl  Fischer  determinations  was 
probably  somewhat  higher  because  these  samples  were  injected  into  the 
titration  vessel,  a  less  precise  procedure.  Uncertainty  in  the  volume 
of  titrant  added  was  0.001  mL  In  a  nominal  5  mL  of  titrant  used  (0.02%). 
The  remaining  sources  of  imprecision  are  end-point  detection  and  end- 
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point  overlap.  The  matter  of  end-point  overlap  in  titrations  with 
multiple  end-points  has  been  discussed  earlier  and  its  reduction  to 
insignificance  is  the  reason  that  the  titrimetric  procedure  evolved  to 
its  current  status.  End-point  detection  combines  the  sensitivity  of  the 
instrumentation  used,  the  algorithms  within  the  instrumentation  for  end¬ 
point  determination,  and  the  amount  of  change  of  pH  with  addition  of 
base  in  the  vicinity  of  the  end-point.  The  first  two  of  these  three 
factors  are  inherent  in  the  instrumentation  and  were  kept  constant 
throughout  the  study.  The  third  factor  relates  directly  to  the 
steepness  of  the  neutralization  curve  and  error  is  reduced  when  the 
potentlometric  break  is  well  defined.  The  determination  of  TEAN  is  most 
severely  affected  by  end-point  detection  because  the  slope  of  its 
neutralization  curve  is  lower  than  that  for  HAN.  The  reasons  for  the 
gentler  TEAN  slope  are  that  both  its  concentration  is  lower  and  its 
molecular  weight  is  higher  than  those  of  HAN. 

The  precision  obtained  for  determination  of  HAN  and  TEAN  in 
replicate  samples  using  various  titrants  is  given  in  Table  3. 

TABLE  3.  Analytical  Precision  Obtained 

Tltrant  HAN  («)  TEAN  («)  Veter  (I) 

BUaNOH  0.06  0.2 

n-Butylamlne  0.1  0.4 

NaOH (aqueous)  0.02  0.03 

Hydranal  0.1 

As  seen  in  the  Table,  TEAN  results  are  less  precise  than  for  HAN 
regardless  of  the  tltrant  used;  the  aqueous  NaOH  tltrant  produces  the 
most  precise  results.  The  results  correlate  without  exception  to  the 
end-point  detection  criteria  discussed. 

The  consideration  of  analytical  accuracy  is  quite  a  different 
matter.  Accuracy  requires  comparison  of  data  with  an  accepted  standard 
value  and,  in  the  case  of  the  analyses  under  consideration  here,  no 
accepted  standard  value  is  available.  Efforts  were  made  in  formulating 
the  propellant  mixture  to  assure  purity  of  the  reagents  and  to  establish 
HAN  and  TEAN  concentrations  as  carefully  as  possible.  The  extent  to 
which  this  effort  was  successful  is  not  known.  Analytical  results 
obtained  uclng  the  various  titrimetric  procedures  are  presented  in  Table 
4. 


TABLE  4.  Titrimetric  Analysis  of  LGP  1645 


Tltrant 

HAN  («) 

TEAN  (I) 

Water  («) 

BuaNOH 

60.52 

20.12 

n-Butylamlne 

61.82 

18.34 

NaOH (aqueous) 
Hydranal 

60.76 

18.95 

19.26 

As  Formulated 

61.86 

18.80 

19.34 
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One  observes  that  the  n-bucylamine  data  result  lr>  higher  HAN  and  lover 
TEAN  concentrations  then  are  obtained  with  the  other  tltrants.  Ve 
believe  that  some  snail  end-point  overlap  is  observed  when  this  weaker 
base  Is  used,  which  results  in  a  skew  of  the  date  in  favor  of  HAN.  Also 
the  TEAN  values  are  higher  when  Bu^NOH  is  the  tltrant.  These  results 
are  consistent  with  data  obtained  using  sanples  of  TEAN  in  which  only 
one  end-point  is  obtained.  Ve  cannot  find  a  reasonable  explanation  for 
such  apparent  high  values.  Conparlson  of  the  results  obtained  with  the 
"as  formulated"  values  seens  to  indicate  that  the  n-butylanine  results 
are  the  most  accurate.  There  are,  however,  no  compelling  reasons  to 
consider  the  "as  foraulated"  values  more  accurate  than  the  experimental 
values  presented  in  Table  4  so  their  agreement  with  the  n-butylamlne 
data  may  be  fortuitous. 

Tltrlmetry  has  long  been  an  accepted  analytical  method.  If  the 
chemical  reactions  being  observed  are  clearly  understood  and  tltrants 
are  properly  standardized  using  appropriate  primary  standards,  then 
titrimetric  analysis  is  considered  among  the  most  accurate  methods 
available.  Ve  conclude  that  HAN -TEAN  propellant  analysis  using  aqueous 
sodium  hydroxide  as  tltrant  and  water  containing  sufficient  acetone  to 
produce  quantitative  conversion  of  HAN  to  nitric  acid  as  solvent  is  the 
most  accurate  assay  procedure  presently  available.  It  is  reasonable  to 
calibrate  various  specialized  instrumental  methods  using  assay  data  thus 
obtained. 


V.  CONCLUSIONS 

An  assay  method  for  determination  of  HAN,  TEAN,  and  water  in 
aqueous  liquid  propellants  has  been  developed.  The  dissociation 
constants  of  the  two  salts  are  too  close  to  one  another  to  permit  their 
simultaneous  determination  by  simple  acid-base  tltrlmetry.  If  acetone 
or  some  other  simple  ketone  is  present  in  excess  in  the  titration 
solvent,  the  HAN  is  quantitatively  converted  to  an  oxime  and  nitric 
acid.  The  dissociation  constants  of  nitric  acid  and  TEAN  are 
sufficiently  separated  to  permit  simultaneous,  quantitative  analysis. 
Vater  or  95%  ethanol  are  suitable  as  titration  solvent  although  water  is 
preferred.  The  third  component  of  the  propellant,  water,  is  determined 
by  Karl  Fischer  titration  using  the  proprietary  reagent  "Hydranal"  and 
methanol-10%  glacial  acetic  acid  solvent.  Precision  for  the  HAN 
titrations  was  determined  as  0.06,  0.1  and  0.02%  for  tetrabutylammonium 
hydroxide,  n-butylamlne  and  sodium  hydroxide  respectively.  Values  for 
TEAN  with  the  sane  tltrants  were  0.2,  0.4  and  0.03%.  Precision  on  the 
water  analysis  was  0.1%  using  "Hydranal"  reagent. 

Free  nitric  acid  present  as  a  trace  impurity  is  accurately 
determined  with  a  detection  limit  of  0.012  mole  per  mole  of  HAN  if  95% 
ethanol  without  added  acetone  is  used  as  titration  solvent.  The 
titrimetric  procedures  are  simple,  rapid,  lend  themselves  to  automation, 
can  be  carried  out  by  personnel  with  little  training  and  utilize 
equipment  that  is  both  relatively  portable  and  rugged.  The  procedures 
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described  ere  velid  only  es  essay  methods  for  reasonably  pure  propellant 
or  propellant  components.  They  are  not  suitable,  nor  were  they 
designed,  for  use  with  propellant  that  has  undergone  substantial 
chemical  reaction  or  Is  contaminated  to  a  significant  extent. 
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